INTRODUCTION
It is sometimes assumed in evaluating data from some pharmacokinetic and pharmacogenetic studies that the half-life of elimination of a drug which is appreciably or essentially completely metabolized by man is essentially a constant for a given individual subject. I have run a large number of carefully controlled crossover studies in so-called normal subjects during the past I0 years. The impression gained from these studies is that there is appreciable intrasubject variation in half-lives of elimination. The magnitude of intrasubject and intersubject variation in half-lives of elimination is apparently drug specific and needs to be checked out with each drug. Some of the results obtained over the past 10 years are described below.
CLINDAMYCIN
Clindamycin is a semisynthetic antibiotic, namely, 7(S)-chloro-7-deoxylincomycin hydrochloride hydrate. Novak et al. (1) reported serum concentrations of clindamycin in ten adult male volunteers following intramuscular administration of 1, 1.5, and 2 ml doses of a sterile solution of the hydrochloride salt containing a label of 100rag of base equivalent per milliliter. The half-life of each subject following each treatment was estimated from those terminal serum concentrations which appeared to be randomly distributed about a straight line when the serum concentrations were plotted on semilogarithmic graph paper. The half-life (tl/2) was estimated from Results are shown in Table I . It may be seen that there is considerable intrasubject variation in the ti/2 values. The analysis of variance of the half-lives shown in Table I is given in Table II . The failure of the treatment mean square to be significant suggests strongly that the tl/2 estimation was not influenced by the dose of clindamycin administered. There was a significant intersubject variation in tl/2, as evidenced by the significant mean square for subjects. The residual mean square is a measure of intrasubject variation in the t~/z plus unexplained error. The coefficient of variation calculated by equation 3 below was 19.9%. In another study reported by Wagner et al. (2) , 150 mg doses of clindamycin base equivalent were administered orally as the hydrochloride salt in both tablets and capsules in a 12 subject crossover study. Half-lives could be estimated in ten subjects from serum concentrations measured by an extraction-microbiological assay. Ten half-lives estimated following administration of the capsule averaged 2.55 hr, with a standard deviation of 0.94 hr. Ten half-lives estimated following administration of the tablet averaged 2.21 hr, with a standard deviation of 0.48 hr. The difference between these averages was not significant (p > 0.10), suggesting strongly that continued absorption from the dosage forms was not biasing one set of half-lives more than the other. In Fig. 1 , the half-life estimated from the week 2 (phase II) data is plotted against the half-life estimated from the week l (phase I) data for nine subjects. The intrasubject variation in tt/2 is obvious.
The overall mean tl/2 of clindamycin following intramuscular administration (data in Table I ) is 4.76 hr. The overall mean tl/2 of clindamycin following oral administration is 2.38 hr (2) . The slope of the plot of area under the serum concentration vs. mg/kg dose following intramuscular administration is 10.3 (1). The average area under the serum concentration curve following 150 mg oral doses as tablets or capsules is 10.9 (#g/ml) x hr in a panel with average body weight of 75.3 kg, giving a ratio of 5.48 (yg/ml) x hr per 1 mg/kg clindamycin base administered. Hence the doubling of the half-life of clindamycin when given intramuscularly compared with orally is reflected in an approximate doubling of the area (since 10.3/5.48 = 1.9). Hence the "route of administration" effect can be very important with certain drugs.
WARFARIN
Wagner et al. (3) listed plasma concentrations of warfarin, measured by both a thin layer chromatographic method and an extraction method, in six (6) . c Normalized difference equals half-life from O'Reilly assays minus half-life from TLC assays divided by average half-life from O'Reilly and TLC assays x I00. ' Difference in averages is not significant by paired t-test (t = 0.097~ p > 0.25). e Difference in averages is not significant by paired t-test (t = 1.27, p > 0.10). : Difference in averages is not significant by paired t-test (f = 0.95. p > 0.25).
normal volunteers following oral administration of 25 mg doses of warfarin sodium as five 5 mg tablets and one 25 mg tablet. Half-lives of warfarin estimated from these plasma concentrations were summarized by Wagner (4) and are presented again in Table III . The modified O'Reilly (extraction) assay method gave a longer half-life in six trials, but the TLC assay gave a longer half-life in exactly six other trials. The difference in average half-lives obtained by the two methods was not significant. The statistics presented in Table Ill also indicate that the particular tablets administered did not affect the half-lives obtained. There is intrasubject variation in half-lives, however. This is emphasized further by the data in Table IV , taken from Wagner (5). This table lists half-lives of warfarin in four normal volunteers who took part in two different crossover studies in which warfarin was dosed orally as commercial tablets of different types. The half-lives recorded in Table IV were not significantly correlated with the dose number, the dosing day number, or the dose administered. There was also strong pharmacokinetic evidence that absorption of warfarin h~d ceased, sometime before the first sampling time which was used to estimate the half-life. In these studies, intrasubject variation in half-life was approximately the same as intersubject variation in half-life. The coefficients of variation listed in the last column of Table IV give an indication of the magnitude of intrasubject variation of the half-life of warfarin.
EPHEDRINE
Half-lives of ephedrine in man, estimated from the urinary excretion data of Welling et al. (6) , and summarized by Wagner (5), are reproduced in Table V . An analysis of variance of the data in Table V is given in Table VI . The mean squares for treatments, subjects, and methods of obtaining the t~/2 values are all not significant. The residual mean square is 55 % of the between-subject mean square. The residual mean square is a measure of intrasubject and unexplained variation. The coefficient of variation, calculated from the grand mean and the residual mean square (RMS) by equation 3, (3) is 12.7 %.
C.V.(%) = (,~-MS/grand mean) x 100

LINCOMYCIN
Wagner et al. (7) reported on half-',ves of the antibiotic lincomycin observed in repetitive studies on the same subjects. These data were extended and summarized by Wagner (5) and are reproduced as Table VII . After solution and capsule treatments, the median half-lives were, study II, 4.38 and 4.55 ; study III, 4.87 and 4.36 hr, respectively. This and other analysis of the data indicated that the dosage form per se was not influencing the halflife estimated, as would be expected if there were absorption still occurring when the half-lives were estimated. The half-|ire of lincomycin in some subjects is quite reproducible from study to study, as can be seen by the data for subjects B and P in Table VII . However, other subjects, such as H and E, show considerable intrasubject variation in half-life.
ETHOSUXIMIDE
Buchanan et al. (8) administered ethosuximide in syrup and capsule dosage forms to the same four children at different times. Elimination halflives were estimated from terminal plasma concentrations. Their data are summarized in Table VIII . The half-lives were quite reproducible in subjects 1, 2, and 4 but not in subject 3. 
ETHANOL
Vesell et al. (9) measured apparent zero-order rates of ethanol metabolism in fraternal and identical twins only once in each subject and found that the interpair differences were significantly greater in fraternal twins than in identical twins. They stated that their "investigation did not test the possibility of day-to-day variations of alcohol metabolism within the same subject," yet they calculated that the contribution of hereditary to individual differences in ethanol metabolism was 0.98 out of 1.0. In the same paper, they did report apparent zero-order rates of ethanol metabolism in six male volunteers before and after ingestion of 1 ml of 95 % alcohol per kilogram of body weight per day for 21 days. These data are summarized in Table IX . The mean rates of 0.188 and 0.208 were not significantly different by a paired t-test, but there were relatively large differences in the "before" and "after" rates in three of the six subjects, as indicated by the last column in Table IX. It should be pointed out that the formula used by Vesell et al. (9) to estimate the hereditary component assumes no intrasubject variation in clearance rate of a drug. It is the author's opinion that such pharmacogenetic studies should include repeated measurements in the same subjects and use of a more complicated formula for estimating the hereditary component.
Wagner and Patel (10) reported capillary blood ethanol concentrations measured in the same normal adult volunteer when he was given three different doses of ethanol in five different controlled trials. The estimated volume of distribution of ethanol had a coefficient of variation of 12~o. However, the estimated apparent zero-order rates of ethanol metabolism had a coefficient of variation of 26.7 ~o. They also estimated V,, and K,, values by direct computer fitting of the terminal alcohol blood concentrations to the integrated form of the Michaelis-Menten equation. The estimated V,, values had coefficients of variation of 50.5 and 45.3 ~o, and the estimated K m values had coefficients of variation of 98.3 and 97.3 ~, depending on which estimates were included. It should be particularly emphasized that the intrasubject coefficient of variation of 26.7 ~o for the apparent zero-order rate of ethanol metabolism in men in this study was larger than the intersubject coefficients of variation of 18.4 and 14.8~ calculated from the before and after data of Vesell et al. shown in Table IX . Also, the standard deviation calculated from the differences (after minus before) from the data in Table IX is 0.0554 and the grand mean is 0.198, giving a coefficient of variation of 28.0 %. This value agrees quite well with the value of 26.7 % calculated by Wagner and Patel (10) . Thus these data tend to indicate that intrasubject variation of the apparent zero-order rate of ethanol metabolism is greater than the intersubject variation. This does not appear to be theoretically sound for a large population, but for the small amount of data available one obtains that answer.
In summary, there is evidence that with many drugs intrasubject variation in elimination rate constants and half-lives of drugs is appreciable and cannot be ignored.
